Lack of annual population estimates for disaggregated Native Hawaiian and Other Pacific Islander (NHOPI) populations limits the ability to examine cancer incidence rates and trends to understand the cancer burdens among NHOPIs.
between January 1, 1990 and December 31, 2008 reported to the 13 SEER registries as shown in Table 1 .
Demographic (ie, age, sex, race/ethnicity) and clinical information on patients is routinely collected by the SEER registries from hospital medical records (18) . Although the collection of multiple racial identities were instituted with cancer cases diagnosed in 2000 and onward, very few cases (less than 5%) have been reported with multiple races. Furthermore, the quality of the multiracial identity recorded in the registry database cannot be easily distinguished from simple recording errors. Therefore, only the primary race variable in the database was used in grouping the cancer cases by racial/ ethnic categories. SEER coding rules require the minority race to be the primary when more than one race is reported, to ensure the representation of smaller populations in cancer registry data (18) . The cancer types were classified according to the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) (19) , and regrouped into major categories for analysis according to the SEER site recode (20) .
A total of 22 720 NHOPI cancer cases were reported to the 13 registries during 1990-2008. We excluded cancer cases with missing or unknown age (1 [0.00%]), missing or unknown sex (3 [0.01%]), unspecific NHOPI identification (1102 [4.85%] ), unavailability of population counts across census years for some specific NHOPI subgroups including Tongans (2051 [9.03%]), and withholding of area population less than 100 by 2000 Census (64 [0.28%]). A total of 19 499 (85.8% of the total reported cases) remained for analysis, including 16 062 Native Hawaiians, 2760 Samoans, and 677 Guamanians/Chamorros. For comparison purposes, the 4 099 552 non-Hispanic (NH) white cancer cases from the same registries diagnosed during the same time period were also included in the study.
Population Estimates
We used the Summary Tape File 2 (STF2) of the 1990 Census and Summary File 2 (SF2) of the 2000 Census to obtain the detailed population counts for specific NHOPI subgroups of Native Hawaiians, Samoans, and Guamanians/Chamorros. Because the 2000 Census allowed multiple identifications of race for an individual (21), a bridging method was needed to adjust the 2000 multiracial classification scheme into mutually exclusive single race categories to be compatible with the 1990 data. We bridged the 2000 Census results from its multirace scheme into a single race scheme for all SEER regions by taking the simple average between the minimum population count (ie, people who reported one race) and the maximum count (ie, people who reported more than one race) for a given racial/ethnic group. The age-sex structures of each of the NHOPI subgroups (in percentages of the total NHOPI population) from the 1990 Census and the bridged 2000 Census (April) data were applied to the midyear (July) 1990 and 2000 Census Bureau estimates for total NHOPIs to obtain the midyear population estimates for 1990 and 2000, respectively, for the specific NHOPI subgroups. The 1991-1999 age-sex subgroup-specific population estimates were developed using linear interpolations between the 1990 and 2000 midyear estimates, and the 2001-2008 estimates were extrapolated using this linear model. We adopted the Hawaii Tumor Registry (HTR) 1990-2005 population estimates and extrapolated linearly for 2006-2008 for the NHOPI subgroups in Hawaii, as a modification to the abovedescribed population estimation method. Before the 2000 Census that adopted a multiracial classification scheme, the racial/ethnic classification from the census was too crude to accurately categorize Hawaii's multiracial populations. To correct for undercounting of the Because of the Census Bureau's data withholding rules, we were unable to obtain necessary population denominators for certain NHOPI subgroups in some of the SEER reporting areas where the total population of a group was less than 100 in the 2000 Census SF2 (21) . In these situations, an entire registry or a county of an registry was excluded from the analysis for that specific NHOPI subgroup.
Statistical Methods
The average annual age-adjusted (2000 US Standard) incidence rates per 100 000 population and 95% confidence intervals (CIs) were generated using SEER*Stat software (http://seer.cancer.gov/ seerstat/) for the top five most common cancers for NH whites, Native Hawaiians, and Samoans for three time periods (1990-1995, 1996-2001, and 2002-2008) . For Guamanians/Chamorros, incidence rates are shown for two time periods (1990-1999 and 2000-2008) . Diagnosis years were combined as necessary to ensure at least 10 cancer cases per time period for the stability of the rate estimates (24) . Joinpoint regression models (http://surveillance.cancer. gov/joinpoint/) were used to analyze the trends of annual or average annual incidence rates for NH whites, Native Hawaiians, and Samoans, respectively, over the entire study period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , and the annual percentage change (APC) and 95% confidence interval was estimated for each trend line or segment. These confidence intervals provide more information about the direction and strength of the estimated effect, and statistical significance can be assumed if the confidence interval does not contain zero. A maximum of three joinpoints were allowed based on single-year data, two joinpoints based on two-year grouping, and no joinpoints could be estimated for trends based on five-year grouping due to limited number of data points. When no joinpoints were detected over time for a given group, the APC for the entire study period was provided. Plots of rate estimates and trend lines produced by the joinpoint analysis are shown in semi-logarithmic scale and 3:1 y:x-axis aspect ratio for comparison of changes by cancer type among groups (25) (26) .
results
There are obvious geographic clusterings of NHOPI populations among SEER registries. Whereas 82.6% of Native Hawaiians live in Hawaii, the majority of Samoans and Guamanians/Chamorros live outside of Hawaii. More Samoans and Guamanians/Chamorros live in California than in Hawaii. Most of the NHOPI cancer cases came from the SEER registries in Hawaii, California, and Seattle/ Puget Sound (Washington).
During 1990-2008, similar to NH whites, prostate (in men), breast (in women), lung, and colorectal (CRC) cancers were the top three most common in almost all NHOPI subgroups examined in both sexes, except CRC that was ranked fourth in Samoan women (Tables 2 and 3 ). However, in contrast to their lower rankings in NH whites, stomach (fourth in Native Hawaiian and Samoan men and fifth in Samoan men), liver (fifth in Samoan men), and pancreatic (fifth in Native Hawaiian women) cancers were among the leading cancers in the NHOPI populations. The incidence rates and trends varied markedly among NHOPIs by cancer type and population subgroup.
Native Hawaiians
Among Native Hawaiian men, incidence trends for the top five cancers (prostate, lung, CRC, stomach, and non-Hodgkin lymphoma) were declining, with statistically significant decreases in lung and stomach cancers (-2.3% [95% CI = -3.3 to -1.3 and -3.8%, 95% CI = -6.0 to -1.6, respectively) ( Figure 1 ). Their risks for lung and stomach cancers were consistently higher than those of the NH white men over time, but the differences narrowed with the faster pace of decline in Native Hawaiian men. After slightly rising during the early years, their incidence trends for all cancers combined started to decline with a statistically significant APC of -2.7 (95% CI = -4.3 to -1.1) during 2000-2008 ( Figure 1 and Table 2 ). Declining incidence trends were also observed among Native Hawaiian women for all of the five most common cancers (breast, lung, CRC, uterus, and pancreas) and all sites combined ( Figure 2 and Table 3 ). The decreasing APCs since 1998 for all sites (Figure 2 ; -3.3%; 95% CI = -4.3 to -2.4) and breast ( Figure 2 ; -4.1%; 95% CI = -5.7 to -2.5) cancers and since 2001 for lung ( Figure 2 ; -6.4%; 95% CI = -10.7 to -1.8) reached statistical significance. They also experienced consistently higher incidence rates for uterus and pancreatic cancers over the years than their NH white counterparts ( Figure 2 and Table 3 ).
Samoans
In contrast to the decreasing trends in prostate and CRC cancers in NH white and Hawaiian men, both were on the rise for Samoan men ( Figure 1 and Table 2 ). Samoan men consistently had higher incidence rates for lung and stomach cancers than NH white and Native Hawaiian men. Statistically significant APCs of incidence rates were found in Samoan women for breast (2.7%; 95% CI = 0.9 to 4.5) (Figure 2 ) and uterine (7.3%; 95% CI = 6.2 to 8.4) cancers. Despite the substantial decrease in incidence rates in both men and women, Samoans still suffered from the disproportionally higher stomach cancer risk than NH whites and Native Hawaiians (Tables  2 and 3 , Figures 1 and 2 ).
Guamanians/Chamorros
Limited by small case counts, rates for Guamanians/Chamorros could only be calculated for two broadly grouped time periods (1990-1999 and 2000-2008) as included in Tables 2 and 3 and for the top three cancer sites in men (prostate, lung, CRC) and women * Rank based on overall rate from 1990 to 2008 for all areas combined. Incidence rates are age-adjusted to the 2000 US standard population and presented for invasive cancers only. Abbreviations: Lung = lung and bronchus; CRC = colon and rectum; Uterus = corpus uteri and uterus, not otherwise specified. † Data for fourth-and fifth-ranked cancers withheld due to cancer case count <10.
JNCI | Articles 1091 jnci.oxfordjournals.org (breast, lung, CRC), respectively. No joinpoint analysis could be done because of too few data points. Although these top ranked cancers were the same as in the other populations examined, Guamanians/Chamorros demonstrated much lower incidence rates than those of Native Hawaiians and Samoans in both men and women. However, their cancer risks appeared to increase over time, except for lung cancer (Tables 2 and 3) .
Geographic Differences
As shown in Table 4 , Native Hawaiian men residing in Hawaii displayed higher incidence rates for lung cancer but lower incidence rates for prostate and CRC cancers than did Native Hawaiian men living on the mainland. Rates for all cancers combined declined more dramatically for those on the mainland than in Hawaii. Native Hawaiian women in Hawaii appeared to have higher risk for almost all cancers examined (especially for breast, lung, uterine, and all cancers combined) than Native Hawaiian women living on the mainland.
Discussion
With a total of nearly 20 000 Native Hawaiian, Samoan, and Guamanian/Chamorro cancer cases from 13 SEER registries during the period 1990-2008, our study highlights several important findings: 1) There are clear differences in cancer incidence rates among NHOPI subgroups and between NHOPIs and NH whites by cancer type; 2) the cancer-specific incidence trends vary by degree and direction among NHOPI groups; 3) rising cancer trends in Samoans and Guamanians/Chamorros are of particular concern; and 4) cancer incidence rates and trends differed between Native Hawaiians in Hawaii and those on the mainland.
NHOPIs share the same burden of common cancers such as prostate, breast, lung, and CRC as NH whites, but they also bear higher risks from cancers including stomach, liver, and uterus. These patterns are consistent with previous findings (23, (27) (28) .
We observed that female breast cancer incidence trends increased during the 1990s, then decreased afterward among Native Hawaiians but continued to rise among Samoans and Guamanians/ . ‡Joinpoint and observed rates are based on five-year groups (1990-1994, 1995-1999, 2000-2004, 2005-2008) . CRC = colon and rectum, Liver = liver and intrahepatic bile duct, Lung = lung and bronchus, NHL = non-Hodgkin lymphoma.
Chamorros. Similar increases in breast cancer incidence during 1991-1996 have been reported by the Multiethnic Cohort (MEC) study (29) . A subsequent decline in breast cancer incidence rates among Native Hawaiians was reported in the population-based cancer surveillance system in Hawaii (23), as well as within the MEC database (personal communication with LR Wilkens, February 2, 2013). Because the MEC is a cohort, incidence rates can be computed within the cohort; no external population estimates are required. Thus, the comparability between our findings and the MEC trends gave us confidence in our findings. Such changes in breast cancer trends may be attributable to the change in prevalence of breast cancer risk factors among Native Hawaiian women, who in recent years displayed reduced smoking and drinking prevalence and higher utilization of physical exams and screening (30) (31) . Challenges with regard to knowledge, attitude, and recently improved access to breast cancer screening among the Samoan and Guamanian/Chamorro communities may underlie the rising breast cancer trends in these populations (32-35).
The declining incidence trends in lung and stomach cancers among Native Hawaiians and Samoans parallel national (36) and local (23) trends that were accompanied by reductions in smoking prevalence (37) . Rising trends in prostate, breast, uterine, and CRC cancers among Samoans and Guamanians/Chamorros warrant focused attention. These cancers are frequently associated with obesity, especially later in life (38) (39) . Obesity is highly prevalent in NHOPI populations (39) (40) (41) .
When examined separately by geographic location, we found that Native Hawaiians living in Hawaii experienced higher risks for lung, breast, and uterus cancers, but lower risks for CRC and prostate cancers, as compared to the Native Hawaiians living on the US mainland. These geographic differences in cancer rates for Native Hawaiians have not been previously reported. In a different type of comparison, an earlier study compared the relative risk for several cancers between Samoans and Native Hawaiians living in Los Angeles vs in Hawaii and found different patterns by geography (42) . There may well be a web of demographic, (1990-1991, 1992-1993, ..., 2004-2005, 2006-2007, 2008) . ‡Joinpoint and observed rates are based on five-year groups (1990-1994, 1995-1999, 2000-2004, 2005-2008) . CRC = colon and rectum, Liver = liver and intrahepatic bile duct, Lung = lung and bronchus, Uterus = corpus uteri and uterus not otherwise specified.
social, behavioral, cultural, and disease factors at work that may explain the mainland vs Hawaiian differences. Studies have shown that Native Hawaiian migrants experience similar cultural adjustment as immigrants (43) (44) . The migration and westernization experience may result in the same dietary changes and health consequences regardless of the diverse NHOPI cultural backgrounds (45) (46) . Alternatively, these patterns may reflect selective migration such that healthier individuals are more likely to migrate over less healthy individuals-the "healthy migrant effect" (47) (48) , or that more highly educated professionals with better health behaviors are more likely to migrate (49) (50) . Examination of cancer stage distribution by geographic location did not reveal notable differences (data available upon request), suggesting that the observed differences in incidence rates are likely not attributable to differences in cancer screening practices. Future research designed to understand the causes for this geographic differences will likely provide valuable insights for reducing cancer disparities among Native Hawaiians.
Our study is not without limitations. The calculation of cancer rates depends on accurate classification of cancer cases into the specific racial/ethnic subgroups and reliable estimates of annual population at risk. In our analysis, we used the SEER data, which represent the highest quality of population-based cancer registry records. However, previous studies have revealed misclassification issues in identifying NHOPI cancer cases in cancer registry data that may slightly affect the incidence rate estimates (51) (52) (53) (54) . In estimating the population denominators, we also relied on a set of assumptions regarding the population growth based on the decennial census data. Other studies using different population estimates will yield incidence rates that are not directly comparable to our results. To test the effect of adopting the HTR population estimates methods, we employed a sensitivity analysis using population estimates that were free of the HTR adjustment for census undercounts. Using this alternative set of denominators, the observed trends continue to hold (data available upon request). This sensitivity analysis, along with the agreement with MEC data, indicates the robustness of the population estimates used in the study. Furthermore, the exclusion of the 1102 (4.85%) NHOPI cancer cases from our analysis due to lack of specific subgroup designation may have resulted in a slight underestimate of cancer rates for each of the NHOPI subgroups in the study. Different methods and assumptions for identifying Native Hawaiians in hospital records vs populations censuses, as well as between the HTR and mainland SEER registries, may have affected the rate estimates for this group. Therefore, the observed differences in cancer-specific risks between Native Hawaiians living in Hawaii and those living on the US mainland should be interpreted with caution. Furthermore, the relatively small numbers of population and cancer cases for NHOPI in general and for Samoans and Guamanians/Chamorros in particular may cause unstable rate estimates. Due to the small numbers, we could not compare risk difference by geographic location for Samoans and Guamanians/ Chamorros as we did for Native Hawaiians, even though the majority of these populations covered by SEER registries actually live on the mainland. Continued cancer surveillance and focused study of individual NHOPI subpopulations is not only necessary, but also important. In summary, our study provides much-needed disaggregated information regarding the cancer burden and disparities within the NHOPI populations with novel observations that bear important policy implications. Continued effective and targeted cancer control efforts are needed in all NHOPI populations, especially the Samoan and Guamanian/Chamorro communities. We hope the findings will be useful to promote better cancer control programs that aim not only at screening, but also culturally sensitive education and outreach in the NHOPI communities and migrants.
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